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Business process reengineering (BPR) has been a core research 
topic for at least the last twenty years. As banks have realized the 
need to look on their business in a process-oriented way, they 
have been engaged in numerous business process reengineering 
projects to make their organizations more efficient. However, the 
success of BPR projects in banks varies significantly and it 
remains a challenge to systematically discover weaknesses in 
business process landscapes. Based on the Semantic Business 
Process Modeling Language (SBPML) this paper introduces a 
new approach for pattern-based automatic process model 
analysis, with a focus on identifying structural process 
weaknesses such as organizational process fragmentation, 
possibly unnecessary process complexity or multiple resource 
usage or other process inefficiencies. Additionally, this approach 
also allows for a benchmarking of different process path 
alternatives in the same process or among different processes. In 
this article, this approach is applied and evaluated in the 
financial sector, but it can possibly also be used in other 
domains. It contributes to a more efficient and more effective 
identification of possible weaknesses in process models in 
comparison to today’s manual analysis of process models. 
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1. INTRODUCTION 
Process models have been established as a broadly applied 
instrument in business process management. Therefore, 
researchers have developed many modeling languages for the 
formal representation of business processes since the arrival of 
the first business information systems [24, 61]. Popular examples 
range from Petri nets [47] over event-driven process chains [39, 
53] and the UML activity diagram [46] to the Business Process 
Modeling Notation (BPMN) [45]. With the help of these 
modeling languages it is possible to construct a formal 
representation of real world processes. These models allow a 
documentation and communication of as-is business processes as 
well as to-be definitions of future business processes in software 
development and business process reorganization projects [30]. 
They describe the logical sequence of activities, the resulting 
products and services, the required resources and data, as well as 
the involved organizational units [42]. These process models can 
be used e.g. as a basis for decisions on IT investments, reorgani-
zations or the selection and implementation of information sys-
tems. 
Languages for representing business processes try to avoid the 
fuzziness of natural language descriptions by more formal 
process representations. However, the inherent impracticability 
of mathematical formulations is represented in semi-formal, 
graphic forms of representation [54]. Fundamental work has been 
done in the field of graph theory [26]. Based on a given graph, 
these approaches discuss the identification of structurally 
equivalent (homomorphism) or synonymous (isomorphism) parts 
of the given graph in other graphs. However, with a semi-formal 
specification of business process models (e.g. with the help of 
event-driven process chains or BPMN process models) an 
automated model analysis of model elements and models is very 
difficult in terms of semantic similarity. However, it may be 
possible to identify patterns in process models on a syntactical 
level in order to analyze the occurrence of a particular collection 
of model elements (e.g. the number of different IT systems used 
as an indicator of media breaks in a process) [50]. Such an 
automated analysis of business process models could allow a 
significant cost saving potential in contrast to manual analysis of 
process models. Nevertheless, today’s popular commercial 
modeling tools provide only a very limited support for the 
automation of these types of analyses [13, 55]. As a result, 
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exploit the potential of process analysis compared to the 
conducted effort they put into process modeling [10]. 
Business process analysis is a highly relevant area in business 
process management research [43]. Van der Aalst et al. see 
business process analysis as an “emerging area” [55] as research 
still indicates problems in conducting automatic analyses [60]. 
Formal analysis techniques can deliver important support during 
BPR efforts [56], but also for benchmarking. Due to the size of 
process models and their complexity, companies strive for a 
solution that allows an automatic business process analysis [19]. 
The value of process modeling can only be uncovered when time-
consuming analysis, regarding the discovery of process 
weaknesses, is performed. According to Drew [23] „a process 
weakness […] should be seen as an opportunity to improve a 
process or to exploit a change for the better.” Therefore, a new 
approach for automatic analysis and detection of potential 
process weaknesses (e.g. indicating possible process 
improvement potentials) in structurally analyzable business 
process models is suggested in this article. 
In systems analysis and design, so-called design patterns are used 
to describe best-practice solutions for common recurring 
problems. Common design situations are identified, which can be 
modeled in various ways. The most desirable solution is 
identified as a pattern and recommended for further usage. The 
general idea originates from [1], who argued about patterns in 
the field of architecture. In IS, patterns are commonly used in 
system design or workflow modeling. However, in most cases, 
patterns are not used for matching but for the manual 
implementation of best practices (for a detailed discussion cf. 
[8]). Hence, the underlying research question of this article is: 
How should business process patterns be defined that allow for 
an automatic identification of structural process weaknesses 
and for process path benchmarking? 
In order to achieve this research aim, a comprehensive case 
analysis was conducted. As the need for extensively analyzing 
business processes for multiple purposes is currently of major 
relevance in the banking sector [31, 22], a case from the banking 
industry was chosen, in order to evaluate the newly defined 
structural process weakness patterns. The findings are based on 
the Semantic Business Process Modeling Language (SBPML) as 
this process modeling language has been specifically developed 
to the needs of the financial industry with regard to process 
modeling and analysis [9]. However, the findings presented here 
are neither limited to the modeling language nor to the financial 
sector. 
This paper is structured as follows: section 2 introduces the 
theoretical foundation of the approach. Subsequently, the applied 
research methodology is discussed along with the issues of 
method selection, case selection, and data collection and 
analysis. Following the development and demonstration 
discussion in section 4 and 5, the implications for theory are 
reflected and new vistas are suggested for BPM practice in terms 
of process improvement and benchmarking. The final section 
contains conclusions. 
2. THEORETICAL FOUNDATION 
Currently business process models are mainly analyzed manually 
[57]. Especially in smaller organizations, the methodical 
knowledge of how to collect data about the business processes 
and how to benchmark process models is often not available [11]. 
Therefore, external consultants are hired to construct and 
evaluate models [17, 52]. These consultants, coming from 
outside of the organization, use their methodical skills to acquire 
the relevant domain knowledge. By modeling the processes they 
gain an understanding of the structures, products, and services of 
the organization. Subsequently, they manually analyze the pro-
cess models with the objective of identifying potential weak-
nesses [4, 5, 41] or evaluating the compliance of corporate rules 
and processes [44]. Furthermore, they try to identify possible 
risks [33, 38], to assess the overall performance in areas of 
business objects, material and organizational resources of an 
organization [41, 7], or reorganize processes, e.g. through 
implementing ICT-concepts [2, 6].  
In recent years four different approaches for the automated analy-
sis of business process models have emerged that are uncoupled 
with each other [50]: 
 The formal structural approach for analyzing business 
process models considers models as graphs. Similarity 
metrics for graphs have been suggested based on the 
maximal common sub graph [16] or the graph edit distance 
[15]. Recent research suggests to apply formal patterns to 
compare and analyze the formal structure of process models 
[20; 59]. In the structural approach two business process 
models are equivalent when they have the same formal 
structure.  
 The formal behavioral approach examines the dynamic as-
pects of process models. The approach comprises multiple, 
varyingly strong equivalence notions, which rely on the 
formal execution semantics of the underlying models (e.g. 
[3, 18, 35, 36, 51]). In general, two business process 
models are considered equivalent in this approach when 
both models show an identical behavior during a 
simulation.  
 The semantic annotation-based approach has its roots in 
ontological research and is based on the foundations of 
conceptual modeling [29, 58]. It addresses the analysis of 
business process models by offering a common 
terminological reference point in the form of a domain 
ontology [27, 37, 54]. Two model elements are identical 
when they refer to the same ontology element.  
 The modeling language-based approach is concerned with 
specifically designed business process modeling grammars 
that avoid semantic conflicts in the first place [49]. It 
addresses the problem of deviations by offering language 
constructs that limit the choices of the model creator. For 
this purpose, the set of constructs is carefully selected, and 
restrictive metamodels or grammars are defined. In this 
approach, two model elements are the same when they 
have been constructed from the same real world fact. 
In this paper, the formal structural approach is addressed since 
structural patterns for an identification of process weaknesses 
and hence a comparison and benchmarking of processes and 
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process path alternatives are proposed for SBPML in line with 
[59] who propose patterns for flow chart diagrams. 
3. RESEARCH DESIGN 
3.1 Research Propositions 
Automatic business process analysis is seen as a relevant 
research topic [43, 55]. This research aims at contributing to the 
general body of knowledge on process analysis and at introducing 
a holistic approach for pattern-based analysis of structural 
weaknesses in processes. Hence, with the presented formal 
structural approach the automatic identification of structural 
weaknesses in business process models is addressed in order to 
make business process analysis within BPR projects and 
therefore benchmarking projects more efficient and effective. For 
doing so, three propositions, which will be addressed throughout 
this paper, are set up. 
Proposition 1 – Identifiability of Weaknesses 
Recent studies on processes in banking report about media 
breaks, missing information, competency frictions, etc. [4, 28, 
29, 32]. Hence, despite of reorganizations during the last 
centuries, there are still many weaknesses in business processes 
from banks. Thus a first proposition (P1) may be stated as that it 
is possible to identify most of the structural process weaknesses 
automatically, as long as these can be clearly characterized. 
Characterizing weaknesses is then the basis for defining 
weakness types and transferring these weakness types and their 
characteristics later on (cf. P2) into formalized patterns. The 
automatic identification and analysis will mean cost reductions 
due to time and resource savings in the process of analyzing 
business processes. 
Proposition 2 – Formalizability of Weaknesses 
As a second proposition (P2) it may be proposed that weaknesses 
can be generalized, with regard to defining different “weakness 
types”, and thus can be described and formalized with the help of 
“structural patterns”. Those patterns consist of different elements 
that describe the characteristics of the given weaknesses and can 
be used for any process.  
Proposition 3 – Effectiveness of the Automatic Identification 
of Formalized Weaknesses 
The possibility of identifying and formalizing structural 
weakness patterns (P1 and P2) are a necessary prerequisite for an 
automated identification of structural weaknesses in SBPML. In 
a final step, the last proposition (P3) shall state that the approach 
is capable of automatically identifying, correctly classifying and 
analyzing typical weaknesses in business processes on a syntactic 
level. 
3.2 Research Framework and Methodology 
for Automatic Identification of Structural 
Process Weaknesses 
To prove that the guiding propositions above hold true and thus it 
is possible to improve business process analysis and 
benchmarking, we follow a typical design science research 
approach [34, 47], which begins with a problem identification (as 
done in section 1). It continues with objectives of a solution 
regarding the state of the art (as done in section 2) and gives 
insights on the research approach used to search for the solution 
(this current section 3). As a result, this research commences 
with the development and design of structural weakness patterns 
for SBPML as an artifact to solve the problem of defining and 
formalizing weaknesses, and applying these to process models 
(section 4). In order to demonstrate the usability of the approach, 
it is applied in a given context (section 5). Finally, the work is 
supplemented by an evaluation of the artifact and its advantages 
and limitations (section 6). Finally, a critical recapitulation of the 
overall research is done, with respect to the research 
propositions, the contribution made to the existing body of 
knowledge and an outlook on possible future research (section 
7). 
4. ARTIFACT DEVELOPMENT 
4.1 Activity-Based Analysis of Structural 
Business Process Weaknesses 
Systematic evaluation of weaknesses in business process models 
has not been well-researched in the past, although there is an 
abundance of literature on business process optimization in 
general (mostly focusing on the different phases of business 
process management). Here, many cases can be found, which 
demonstrate business process optimization of one or more 
weaknesses, with regard to a certain type of business process 
optimization solution. This paper does not concentrate on 
identifying and categorizing all types of different weaknesses in 
business processes and also does not do this limited to the given 
domain of banking. The goal of this paper is to find and show a 
method that is able to identify structural weaknesses in process 
models automatically.  
Van Heen and Reijers differentiate analyses for BPR into quali-
tative and quantitative analyses [56] of which especially the 
latter are addressed. While qualitative analyses focus on the 
question whether a process design meets a specific property (e.g. 
a bank employee should not be able to also authorize a cash 
transfer that he has initiated himself), quantitative analyses focus 
on simulation techniques (allowing for example approximations 
on how long a customer has to wait in a call center) and 
analytical techniques (allowing the calculation of the shortest 
path leading to a successful credit offering). For example, in the 
context of BPR projects, Desel and Erwin concentrate on 
performance analyses of business processes (calculating 
important key indicators such as throughput time) to identify 
weaknesses [19]. However, performance analyses for identifying 
possible weaknesses have also had a long tradition of research 
with previously developed and common approaches like activity-
based costing [14]. 
According to Biazzo, the following four business process analysis 
approaches for quantitative analyses can be defined [12]: process 
mapping, coordination analysis, action analysis and social 
grammar analysis. Process mapping refers to process capturing 
and modeling. It concentrates on constructing the hierarchical-
logical structure of processes and then using the identified 
activities to break these down. As this is not focused on 
weaknesses, but on the general reconstruction of business 
processes, process mapping is not discussed further. 
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Coordination analysis supports the analysis of what kind of 
information actors receive, from whom they receive it, how they 
receive it, how they process it and to whom they send outputs as 
a result. From a weakness analysis point of view, coordination 
analysis can be performed at least partially automatically with 
the help of many traditional process modeling languages since 
these languages typically have own constructs for modeling and 
separating organizational views from a process view and a 
business objects view. Therefore, this type of weakness analysis 
will also not be pursued further. Action analysis refers to the 
identification of activities within a given process and an in-depth 
exploration of the structural conditions, within which the 
individual activities take place. Complementing action analysis, 
social grammar analysis, according to Biazzo, pursues the 
analysis of a network of activities and the actitivities’ possible 
sequence order and puts a focus on identifying the lexicon 
regarding the activities under study [12]. Action analysis and 
social grammar analysis, focusing on the analysis of activities 
inside of different business processes, is however a current 
problem. Previous modeling languages do not make many 
restrictions regarding the depth and breadth of activities that 
should be modeled or the naming conventions and the used terms 
that should be included in business process modeling. Therefore, 
this article focuses on the automatic analysis of activity-based 
weaknesses as this remains a known problem with challenges 
regarding the semantic interpretation of activities. 
To analyze weaknesses, different generic activity-based 
weaknesses in business processes need to be identified upfront. 
This was done on the basis of studying about 30 business process 
optimization projects in banks (e.g. Chase Manhattan Bank, ING 
DiBa, Citibank, Chinatrust Commercial Bank, Commerzbank) 
and a literature review [4, 28, 31, 32], in which information was 
gathered from online resources available on the internet (esp. on 
corporate portals of banks and their investor pages). This led to 
the conclusion that the introduction of document and workflow 
management systems, to handle day-to-day business largely 
electronically to avoid media breaks, the reduction of throughput 
times and the transformation towards lean processes, as well as 
industrialization were key drivers for overcoming weaknesses in 
banks and optimizing large parts of process landscapes in banks. 
As not all general weaknesses identified in this project review 
can be analyzed in depth, using a reasonable amount of research 
capacity (human resources and time), and since the aim in this 
article is to demonstrate the general ability of the presented 
approach for automatically detecting structural weaknesses in 
process models and locating them, a focus will be kept on a few 
major types of specific weaknesses, with regard to the 
weaknesses mentioned above. These will then be used in the 
further research activities in section 4.2 (artifact development) 
and section 5 (artifact demonstration). Examples of common 
weakness types, to be pursued in this paper, are: high process 
complexity / low standardized processes, possibly redundant 
activities (such as loops), process fragmentation and 
organizational breaks.  
4.2 Formalizing Structural Weakness Patterns 
in SBPML 
The Semantic Business Process Modeling Language (SBPML) is 
a business domain specific language [9]. Similarly to many other 
languages such as EPC, it consists of a process view (how is a 
service delivered?), a business object view (what is 
processed/produced?), an organizational view (who is involved in 
the process?) and a resource view (what resources are 
consumed?). The main constructs of the modeling language are 
domain-specific process building blocks (PBB). They represent a 
certain set of activities within an administrative process and 
apply the vocabulary of the domain. Process building blocks are 
atomic, have a well-defined level of abstraction and are se-
mantically specified by a domain concept. Examples for process 
building blocks are “Incoming Document”, “Formal Verification 
of a Document”, or “Archive Document”, which are further 
defined by attributes such as “input channel” or “duration”. With 
the help of building blocks, a sequential order of activities, 
within an administrative process, can be specified that describes 
the actual sequence of activities performed during one instance of 
a workflow.  
The predefinition of patterns, attributes, and the sequential order 
restrict the degrees of freedom of the modeler and simultaneously 
promote the construction of structurally comparable models. As 
many processes are quite complex and run through several diffe-
rent organizational units, it is possible to define sub-processes 
that are conducted by just one employee. However, the strict 
sequence does not allow for intersections. As a solution, SBPML 
allows either the modeling of process variants that define an 
alternative sequence within a sub-process or the annotation of 
attributes that can be used to specify different cases with 
percentage values. Furthermore, an anchor allows for 
establishing connections between process building blocks in 
different sub-processes and variants to enable parallel process 
structures. For a further introduction to the modeling concept see 
[9]. A detailed insight is not necessary for this article as the 
language only serves as an example for structural weakness 
analysis using a BPM language. 
To systematically derive process weaknesses that can be 
formalized, each language element of SBPML was analyzed, 
according to its application in a business process modeling 
project in a bank. The elements used were the following: 
 (core) processes: which represent end-to-end processes 
from the beginning of a customer or business department 
request until this request has been fully dealt with (e.g. 
responded to or taken note of) 
 support processes: which are similar to core processes or a 
sub processes, but have the characteristic that they are 
“used” by multiple other core processes that usually send 
information to these support process and can also require a 
feedback from these support processes before continuing 
with their sequence of activities 
 sub process bundles: referring to groups of sub processes  
of the same core process and that would represent 
relatively autarkic economic services and could be offered 
as stand-alone services to other businesses 
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 sub processes: which provide different levels of abstraction 
within the process models, as well as reduce the level of 
complexity and thus increase process model comprehension 
 sub process variants: that describe the different, but very 
similar alternative activities that a sub process can have, 
due to a prior decision that was made in the previous 
process path 
 process building blocks (PBB): representing the actual 
activities that employees perform 
 control flows: to describe the sequence in which the 
activities (PBB) are performed 
 organizational units: which are responsible for certain sub 
processes and that can be characterized by job position 
types (e.g. credit specialist) and the corresponding 
employees 
 external partners: that can either be customers, business 
companies or governmental institutions and can also 
execute certain sub processes, for which the bank can have 
a responsibility 
 activity operators: that define organizational units, job 
position types and employees, or customers that execute 
activities (PBB) in a specific sub process and are different 
from the organizational unit that is predefined as the 
“standard executing” organizational unit for a sub process 
 resource types: defining different categories of resources 
(e.g. IT hardware vs. IT software) 
 resources: representing the actual resources used in an 
activity (PBB) 
 business objects: referring to information, documents or 
material objects that are processed within each activity 
(PBB) 
All of these elements were analyzed together with experts from a 
bank, a business consultancy and several BPM researchers to 
systematically derive possible process weaknesses that the 
elements could indicate. Just by focusing on single elements it 
was already possible to describe situations, in which certain 
elements would indicate a process weakness or optimization 
potential. For example, many departments, participating in one 
process, may be an indicator for process inefficiencies. In 
addition, by focusing on multiple elements that could be 
connected to each other within a process model, it was possible 
to define further approaches to systematizing process 
weaknesses. For example, many process activities (PBB) 
supported by different resources may indicate a high and non-
standardized resource consumption. Thus, it was possible to 
formalize process weaknesses on the basis of the elements that 
the SBPML notation offered and it was also possible to derive 
quantitative key indicators for possible process weaknesses from 
the structural patterns. For example, a key indicator was defined 
for evaluating if a certain process path was good or not by 
automatically counting the number of activities along the 
different sub processes that a certain process path had. In 
addition, the number of organizational breaks, which a process or 
even a certain path within the process had, could be defined by 
counting the number of different organizational units involved in 
a process. This basic approach allows for benchmarking the same 
processes done differently in different banks or even only 
branches with the help of quantitative key indicators for process 
weaknesses. In addition, it was recognized that by only analyzing 
possible paths, which a process instance could take throughout a 
process model, a “benchmark” path could be defined that would 
depict the best possible path for the bank with minimal process 
weaknesses as opposed to other alternative process paths. For 
example, other process path alternatives would have more 
decisions, more tasks and maybe even an undesirable end event 
for example. To demonstrate the potentials of the developed 
approach, a close cooperation was conducted with BPM experts 
from a well-known German bank, as described in the following. 
5. ARTIFACT DEMONSTRATION 
5.1 Background Information on Underlying 
Banking Case 
To demonstrate the applicability of the formalized patterns for 
analyzing weaknesses in business processes, an extensive case 
study was done together with a bank. A banking partner was 
sought, whose daily business would be the most frequently 
studied banking business processes in the literature, i.e. the 
credit process, as this would also generally be similar and thus 
relevant to many other banks. The selected bank partner for the 
demonstration case was a bank, which operated only a single 
product – namely consumer credits. The bank provided credits 
for over 900 banks in Germany and Austria, while at the same 
time also operating over 60 subsidiary shops in different cities, 
which only offered its credit product. It employed more than 
1,000 people in 2008, who together as a bank served 443,000 
customers, totaling a credit volume of 4.9 billion Euros. 
The bank followed the paradigm of continuous process improve-
ment throughout the entire process landscape and thus had its 
own professional business process management team, which was 
responsible for the entire process management cycle (process 
strategy, process design, process implementation and execution 
and process monitoring). It had recently shifted the focus of its 
process modeling effort from highly detailed and fragmented 
process models to complete and less granular, but end-to-end 
process models. Therefore, the credit application process was 
analyzed from an end-to-end perspective (meaning the entire 
process once the credit application would be turned in to the 
bank by a customer via postal mail until the bank would have 
finally rejected the credit application or made a credit offer and 
thus successfully closed the initial credit application case for a 
customer) regarding possible structural process weaknesses. For 
the demonstration, the details of the process model will be 
briefly described in the following. 
5.2 Exemplary Process Model 
The process model, which was chosen for the demonstration 
case, depicted the “credit application via postal mail” process. It 
included the complete activities starting from when a credit 
application (originally received via postal mail) entered the 
bank’s production department, went through several credit 
scoring phases until a final decision was yielded and returned to 
the credit applicant. The details of the process model will be 
briefly described as follows. 
Typically, the credit order arrives by postal service, is then 
scanned by an external service company and then available in the 
document management system of the bank. It arrives in the 
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production department once the contractor sends an electronic 
message to the bank’s workflow management system, triggering 
the further production process, to start the credit process. At first, 
bank employees will have to search for the customer in their 
database. It may either be that they will identify the customer as 
an existing customer and will have his documents at hand or not 
or that they will have to register the new customer first. In 
addition, a second credit applicant may have applied together 
with the first credit applicant (i.e. married couple) so that the 
production department employee will also have to collect this 
data. After data completion the customer’s data needs to be 
approved in order to decide for an initial credit approval step. 
The approval can be done by also taking data from an external 
credit rating agency regarding the creditworthiness of the client 
or without this check if the client has disapproved this check 
beforehand. If the first approval check is positive (green) or 
semi-positive (gray) the bank will check further documents such 
as the income statement or further obligations. It does this in a 
second step to avoid unnecessary work since a good share of the 
credit applicants already fails this first simple credit approval 
step. In any other case (red decision), the credit order will be 
rejected immediately and archived. Once the first approval step 
has been successful (green) or semi-successful (gray) the second 
credit decision will be done. 
The second credit decision will again lead to a positive (green), 
semi-positive (gray) and negative (red) decisions. It is also 
possible that a second decision will be postponed due to missing 
documents. In that case additional documents need to be supplied 
before a final decision can be made. Again, a negative decision 
will lead to a credit order rejection. A positive decision will lead 
to the creation of a credit offer. The credit process can be gray 
due to contentual or technical problems. Contentual problems 
can be any problems due to inconsistencies in the data the 
customer has supplied and need to be settled directly with the 
client and possibly also the credit rating agency. Errors will be 
corrected and a final credit decision will be initiated again that 
can again result in a green, grey or red decision. Technical 
problems can be for example if there is a problem with the IT 
system so that the second approval has to be performed again. 
Once all problems are solved and the client is rated to be 
creditworthy a credit offer will be released. If, however, the 
second credit approval phase results in a red decision an 
additional fraud check is made. If the fraud check turns out to be 
positive both the legal department and even the police are 
contacted immediately, before the credit is rejected. If a credit 
fraud could not be detected the credit applicant will only be 
rejected. 
After several expert interviews with employees from the 
production department, which were executing and also managing 
this process in the bank, the final process model was derived 
together with two experts from the BPM department of the bank. 
5.3 Application of Structural Patterns for 
Automatic Identification of Structural 
Weaknesses 
To apply and evaluate the approach of automatically identifying 
structural process weaknesses, we developed a prototypical 
implementation on the basis of an existing meta modeling tool 
from a previous research project [21]. This meta modeling tool 
was capable of defining non-domain-specific general process 
modeling languages and was adjusted to also be capable of 
defining the domain-specific SBPML process modeling language. 
We then defined the SBPML language using this meta modeling 
tool and were then also able to model our sample credit 
application process, using our predefined SBPML notation. 
For analysis purpose, the meta modeling tool also already had a 
built-in analysis component in terms of a plugin that could be 
used to define patterns related to a predefined process modeling 
language [21]. For example the existence of certain elements like 
an organizational unit and an activity in a process graph could be 
formally defined as a pattern and it was possible to match the 
patterns on the basis of a given process model. Thus, we used the 
pattern definition scheme of this analysis component to formally 
define the process weakness indicators, depicted in Table 1. 
Along with the pattern definition functionality we used the 
pattern matching functionality of the analysis component [21] to 
count the occurrences of process weakness patterns in our given 
process model. 
We discovered that it was possible to automatically detect 
various process fragments that had the possibility for a process 
improvement, by using our predefined process weakness 
patterns. For example, several cases, where several different 
resources (e.g. IT applications) were used in parallel, were 
detected that were not yet synchronized regarding data exchange. 
In addition, many quantitative key indicators for benchmarking 
the process with other banks or just benchmarking certain paths 
with each other within this one process were detected. The most 
challenging, but also most interesting benchmarking and 
weakness analyses were the result of a combination of several 
analysis possibilities including path analysis. For example, it is 
possible to detect the “optimal” process path that includes the 
least number of decisions, the least number of activities and 
leads to a desirable outcome for the bank. 
In Table 1, the quantitative key indicator values are presented for 
the process under evaluation, along with triggers to indicate, 
which value may be interpreted as a (possible) weakness or not. 
More key indicators to benchmark or evaluate business process 
models can be developed by combining these simple indicators 
with each other to form relative instead of absolute quantitative 
key indicators. In addition, more quantitative key indicators can 
be derived on a “per path” and even “path type” (desirable path, 
optimal path etc.) basis, when different paths are to be compared 
automatically to detect possibly unnecessary activities or 
activities, which should be avoided. For the analysis of the credit 
application process model, all information that was available 
from the existing process model was used to calculate the 
different values. 
These identified potential process weaknesses were then 
discussed with officials from the production department and 
BPM department of the bank as well with a major German 
consultancy, which was specialized in analyzing and optimizing 
business processes in banks. Most of these potential weaknesses 
could be verified to be actual process weaknesses. However, the 
triggers were suggested to be set to less extreme values for the 
identification of potential process weaknesses in future process 
analysis endeavors. In addition, the bank suggested to 
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concentrate on selected indicators and not analyze all indicators 
at the same time, depending upon the type of optimization 
project to be accomplished (e.g. reorganization of processes with 
regard to the people involved in certain processes versus the 
reduction and integration of IT systems, databases and other 
resources). This was due to the fact that the bank planned on 
using this automatic discovery approach in the future not just for 
analyzing a single process model, but for analyzing a larger set of 
multiple business processes or even the entire process landscape 
at the same time. By defining more liberal triggers and 
selectively applying the analysis indicators, the bank wanted to 
discover only the most promising processes for potential process 
optimization projects. Especially, it was realized that it would 
often not be possible to improve on all indicators for a certain 
process at the same time, but usually a tradeoff would be 
necessary for improving a process with regard to one or several 
indicators, while staying the same or even getting (a little) less 
good results on the remaining indicators after a completed 
process optimization project. 
6. ARTIFACT EVALUATION – 
DISCUSSION OF FINDINGS AND 
LIMITATIONS 
The example provides evidence, that it is possible to 
automatically identify structural process weaknesses and 
compare process paths in terms of benchmarking. Within this 
research project with external partners from consulting and 
banking, various structural weakness patterns were identified 
based on SBPML element occurrences and it was possible to 
establish a holistic approach for a pattern-based analysis of 
processes. As such, it was possible to automatically identify 
process weaknesses (proposition P1). It was also possible to 
define different weakness types with a different complexity and 
structural depth (proposition P2). The article provides general 
evidence that it is possible to define such structural weakness 
patterns and will offer a list of patterns. However, it was not 
possible to define an exhaustive list of structural patterns in this 
article, as there will always be new analysis contexts. 
Furthermore, it seems to be possible to transfer the introduced 
concept of structural process weakness patterns to other 
modeling languages that may offer additional possibilities for 




Table 1: Excerpt of Key Indicators for Structural Process Weaknesses in Credit Application Process 
Involved SBPML 
Language Element 
Quantitative Key Indicator 
for Process Weakness 







(Core) Process Number of core processes per business unit 
Indicate high complexity of possibly 
non-standardized multitude of services 
offered 
>1 1 No 
Support Process Number of support processes per business unit >1 0 No 
Sub Process Bundle Number of sub process bundles per process >1 1 No 
Sub Process Number of sub processes per process 
Indicates complex and lengthy 
processes 
>1 9 Yes 
Sub Process Variant 
Number of sub process variants per sub process  Indicate many paths (maybe non-
standardized and including many 
exception handling paths that should be 
avoided)  
>1 
1 (5x);  
2 (3x);  




Average number of sub process variants per sub process in a 
process 
>1 1,555 Yes 
Process Building Block 
Number of PBB per sub process variant 
Indicate lengthy processes 
>1 1 – 6  No – Yes 
Average number of PBB per sub process variant in a sub process >1 >1 No – Yes 
Number of PBB per path in a process >2 >2 Yes 
Average number of PBB per path in a process >2  >2  Yes 
Control Flow 
Number of paths per process 
Indicates many possible path variants, 
which may be costly as they may not 
lead to desirable end event 
>1 >1 Yes 
Number of loops per process 
Indicates that tasks are done again and 
again and in the worst case never 
ending, which is very costly 
>0 0 No 
Number of paths leading to desirable process end 
Indicates that there are paths, which 
may not be as efficient or cost-saving as 
other paths to achieve a desired end 
event 
≠1 >1 Yes 
Number of paths leading to undesirable process end 
Indicates that there are many variants, 
which produce costs, but nevertheless 
lead to an undesired end event 
>0 >0 Yes 
Organizational Unit 
Number of organizational units participating in  a process path 
Indicates competency and know-how 
sharing, process fragmentation and 
lengthy processes 
>1 1 – 2 No – Yes 
Average number of organizational units participating per process 
path in a process 
>1 >1 Yes 
Number of switches between organizational units in a process 
path 
>0 0 – 2 No – Yes 
Average number of switches between organizational units per 
process path in a process 
>0 >0 Yes 
Number of multiple switches between two organizational units in 
either direction per process path 
>0 0 – 2 No – Yes 
Average number of multiple switches between two organizational 
units in either direction per process path in a process 
>0 >0 Yes 
External Partner [similar to organizational unit key indicators] 
Activity Operator [similar to organizational unit key indicators] 
Resource Type 
Number of resource types used in a PBB 
Indicate possibly high resource 
consumption and maybe even resource 
waste 
>0 >0 Yes 
Average number of resource types used per PBB >0 >0 Yes 
Number of resource types used in a sub process variant >0 >0 Yes 
Average number of resource types used per sub process variant in 
a sub process 
>0 >0 Yes 
Number of resource types used per path in a process >0 >0 Yes 
Average number of resource types used per path in a process >0 >0 Yes 
Resource [similar to resource type key indicators] 
Business Object [similar to resource type key indicators] 
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The possibility of identifying and formalizing structural 
weakness patterns is necessary for effectively automating the 
identification of weak process structures and for benchmarking. 
Automatically identifying potential weaknesses with the help of 
quantitative key indicators offers an effective possibility of 
analysis (proposition P3). However, a subsequent manual 
crosscheck is necessary to ensure semantically correct results as 
the automatic detection only provides “potential” weaknesses but 
not necessarily “real” weaknesses. Nevertheless, the automatic 
(pre-)analysis can unburden modeling experts and process 
owners in their struggle of improving the processes very much.  
Reflecting the approach of pattern-based business process 
analysis, at least two main limitations should be discussed for 
further research: The pattern-based approach depends upon how 
well structural weakness patterns are defined and formalized. 
Identified problems remain “potential” weaknesses until a 
manual analysis reveals that the identified potential weaknesses 
are actually real weaknesses or not weaknesses, e.g. due to law 
regulations. Although the approach can be refined iteratively 
through empirical evaluation, this depends on the given input for 
the algorithm. Generally speaking, it is best to characterize 
weaknesses with as much detail as possible and also to formalize 
as many of these characteristics. Following the actual set of 
structural weakness patterns, this also means defining more 
complex weakness patterns (e.g. combining several elements of a 
process modeling language to a complex pattern) in a next 
evaluation step compared to using simple patterns (e.g. patterns 
that are made of only one or very elements of a process modeling 
language) to increase effectiveness (precision) of the presented 
approach. This will help to find more complex and thus more 
hidden potentials automatically through defining process-
spanning weakness patterns in combination with more complex 
pattern combinations. 
So far, this article has only concentrated on structural weakness 
patterns. Hence, only syntactic elements of the SBPML notation 
were at the core focus. Regarding the inherent semantics of the 
language, it is also possible to automatically identify semantic 
weaknesses (e.g. information deficits, media breaks that can only 
be uncovered when an algorithm understands the actual 
semantics of a process model and thus the real world fact that is 
actually depicted in a process model). The identification of such 
patterns especially depends upon how well and formalized (e.g. 
using a standard vocabulary) the processes have been 
documented. However, this is not part of this research 
contribution. 
Going into more detail, there are further limitations of the 
presented automatic structural weakness identification approach. 
For example, in this article only one complex and large business 
process model with various sub processes and a limited set of 
weakness patterns was analyzed, so that the results can just be 
seen as a first indicator of the potential of this approach for 
weakness analysis. 
7. CONCLUSION 
With respect to this article’s contribution to the body of 
knowledge, design research was conducted according to the 
design research guidelines, defined by Hevner et al. [34], by 
creating an innovative and purposeful artifact for a pattern-based 
automated analysis of structural weaknesses in business process 
models. By developing, applying and evaluating the approach, a 
research artifact was provided through the application of a 
rigorous design science research cycle. By applying the approach 
in practice, it turned out that the modeling and especially 
automated analysis approach is highly relevant to the domain of 
banking and offers much potential for the identification of 
structural weaknesses and hence for improvements in banking 
processes. The approach allows a flexible, fast and automatic 
evaluation of SBPML models, based on identified weakness 
patterns, not only by modeling experts, but also by decision 
makers.  
Thus, it was possible to use the advances in business process 
modeling languages to combine and formalize traditional 
approaches to business process analysis and extend these to in-
depth process and activity-based analysis. However, as argued 
with respect to the limitations, the methodology for business 
process analysis is only as good as the people who use it and it 
significantly depends upon the careful definition and 
interpretation of structural weakness patterns. In addition, this 
approach is arguably not limited to the financial sector only, but 
may well also be applied to process models from different 
industries. 
The approach is not limited to the used SBPML notation but can 
also be adapted and used in combination with other process 
modeling languages. Furthermore, more complex languages may 
allow for a more sophisticated analysis, since more elements or 
element combinations can be used for identifying quantitative 
key indicators. As a result, this article has provided a valuable 
research contribution for benchmarking and weakness 
identification. Nevertheless, future research in the area of how to 
define weakness patterns with as much detail as possible is 
suggested. In addition, research on creating a detailed taxonomy 
of the different types of structural weaknesses, which are to be 
found in business processes of banks and even in general in 
different industries, is recommended. Finally, research on 
applying the enhanced business process analysis methodology in 
the context of more cases, different industries and even different 
process modeling languages is recommended to prove the 
generality that is assumed in this approach. Giving an outlook on 
what more potential the idea of automatically identifying 
structural weaknesses in processes has, it also seems to be 
imaginable that it can be possible to automatically suggest 
reorganization patterns / alternatives for improving identified 
weaknesses to a certain extent.  
8. ACKNOWLEDGEMENTS 
This paper was written in the context of the research project 
IMPROVABLE, which has been conducted by the European 
Research Center for Information Systems at the University of 
Muenster. It was generously supported by the DZ BANK 
Foundation. We also kindly thank our German partner bank, 
which continuously supported this industry-academic research 
collaboration scheme. 
9. REFERENCES 
[1] Alexander, C. (1977) A Pattern Language: Towns, Buildings, 
Construction. Oxford University Press, USA. 
23
[2] Arendsen, R.; van Engers, T. and Schurink, W. (2008) 
Adoption of High Impact Governmental eServices: Seduce or 
Enforce?. In: Proceedings of the 7th International Conference on 
Electronic Government (EGOV 2008), Turin, Italy, pp. 73-84. 
[3] Arnold, A. (1993) Verification and comparison of transition 
systems. In: Proceedings of the 4th International Joint Conference 
on Theory and Practice of Software Development (TAPSOFT 
1993), Orsay, France, pp. 121-135. 
[4] Baacke. L.; Becker, J.; Bergener, P.; Fitterer, R.; Greiner, U.; 
Stroh, F.; Räckers, M. and Rohner, P. (2009) Enabling Integra-
tion and Optimization of Government Processes With Cross-
Functional ICT. In: Weerakkody, V.; Janssen, M.; Dwivedi, Y.K. 
(ed) Handbook of Research on ICT-Enabled Transformational 
Government: A Global Perspective. Hershey, NY, pp.117-139. 
[5] Becker, J.; Algermissen, L.; Falk, T.; Pfeiffer, D. and Fuchs, 
P. (2006) Model based identification and measurement of reorga-
nization potential in public administrations: the PICTURE-ap-
proach. In: Proceedings of the 10th Pacific Asia Conference on 
Information Systems (PACIS 2006), Kuala Lumpur, Malaysia, 
pp. 860-875. 
[6] Becker, J.; Bergener, P.; Kleist, S.; Pfeiffer, D. and Räckers, 
M. (2008) Evaluation of ICT Investments in Public 
Administrations based on Business Process Models. Lecture 
Notes in Computer Science, Electronic Government Vol. 5184, 
pp. 124-135. 
[7] Becker, J.; Bergener, P. and Räckers, M. (2009a) Business 
Process Assessment and Evaluation in Public Administrations 
using Activity-Based Costing. In: Proceedings of the 15th 
Americas Conference on Information Systems (AMCIS 2009), 
San Francisco, California. 
[8] Becker, J.; Delfmann, P.; Herwig, S. and Lis, L. (2009b) A 
Generic Set Theory-based Pattern Matching Approach for the 
Analysis of Conceptual Models. In: Proceedings of the 28th 
International Conference on Conceptual Modeling (ER 2009), 
Lecture Notes in Computer Science, Gramado, Brazil, pp. 41-54. 
[9] Becker, J.; Thome, I.; Weiß, B.; Winkelmann, A. (2010) 
Constructing a Semantic Business Process Modelling Language 
for the Banking Sector – An Evolutionary Dyadic Design Science 
Approach. In: Enterprise Modelling and Information Systems 
Architectures, 5 (1), S. 4-25. 
[10] Becker, J.; Weiß, B. and Winkelmann, A. (2010) Utility vs. 
Efforts of Business Process Modeling in the Banking Sector – An 
Exploratory Survey. In: Proceedings of the 5th Multikonferenz 
Wirtschaftsinformatik (MKWI 2010), Göttingen, Germany. 
[11] Benamou, N. (2005) Bringing eGovernment 
Interoperability to Local Governments in Europe. European Rev. 
Political Technolology, (3), pp. 8-14. 
[12] Biazzo, S. (2000) Approaches to business process analysis: 
a review. In: Business Process Management Journal, 6 (2), pp. 
99-112. 
[13] Blechar, M.J. (2007) Magic quadrant for business process 
analysis tools. In: Gartner RAS Core Research Note G00148777. 
Gartner, Inc., Stamford. 
[14] Brown, R.E.; Myring, M.J. and Gard, C.G. (1999) Activity-
Based Costing in Government: Possibilities and Pitfalls. Public 
Budgeting and Finance, 19 (2), pp. 3-21. 
[15] Bunke, H. (1997) On a relation between graph edit 
distance and maximum common subgraph. Pattern Recognition 
Letters, 18 (9), pp. 689-694. 
[16] Bunke, H. and Shearer, K. (1998) A graph distance metric 
based on the maximal common subgraph. Pattern Recognition 
Letters, 19 (3/4), pp. 255-259. 
[17] Davenport, T.H. and Short, J. E. (1990) The new industrial 
engineering: information technology and business process 
redesign. Sloan Management Review 31, pp. 11-27. 
[18] de Medeiros, A.K.A.; van der Aalst, W.M.P. and Weijters, 
A.J.M.M. (2008) Quantifying process equivalence based on 
observed behavior. Data Knowledge Engineering, 64 (1), pp. 55-
74. 
[19] Desel, J. And Erwin, T. (2000) Modeling, Simulation and 
Analysis of Business Processes. Lecture Notes in Comput 
Science, Vol. 1806, pp. 129-141. 
[20] Delfmann, P.; Herwig, S.; Lis, L. and Stein, A. (2009) 
Pattern Matching in Conceptual Models – A Formal Multi-
Modelling Language Approach. In: Proceedings of the 3rd 
International Workshop on Enterprise Modelling and Information 
Systems Architectures (EMISA 2009). Lecture Notes in 
Informatics , Ulm, Germany, 2009, pp. 13-26. 
[21] Delfmann, P.; Herwig, S.; Lis, L.; Stein, A.; Tent, K. and 
Becker, J. 2010. Pattern Specification and Matching in 
Conceptual Models. A Generic Approach Based on Set 
Operations. Enterprise Modelling and Information Systems 
Architectures 5 (3), in press. 
[22] Drake, L.; Hall, M. and Simper, R. (2009) Bank modelling 
methodologies: A comparative non-parametric analysis of 
efficiency in the Japanese banking sector. Journal of International 
Financial Markets, Institutions, Money, 19 (1), pp. 1-15. 
[23] Drew, M. (2007) Information risk management and 
compliance – Expect the unexpected. BT Technology Journal, 25 
(1), pp. 19-29. 
[24] Dumas, M.; van der Aalst, W.M.P. and ter Hofstede, 
A.H.M. (2005) Process-aware IS: Bridging People and Software 
through Process Technology. Wiley, New Jersey. 
[25] Fryman, M. A. (2002) Quality and Process Improvement. 
Delmar Thompson Learning, New York.  
[26] Gori, M.; Maggini, M. and Sarti, L. (2005) The RW2 
algorithm for exact graph matching. In: Singh, S.; Singh, M.; 
Apté, C. and Perner, P. (ed) Proceedings of the 4th International 
Conference on Advances in Pattern Recognition (ICAPR 2005), 
Bath, UK, pp. 81-88. 
[27] Gromoff, A.I. (2008) Improving Business Processes Based 
on Content Analysis (in Russian). Information Technology, 3, pp. 
12-17. 
[28] Gromoff, A.I. (2009) Logical Analysis of Faulty Processes 
(in Russian). State University – Higher School of Economics, 
Moscow. 
24
[29] Guizzardi, G.; Pires, L.F. and van Sinderen, M.J. (2002) 
On the role of domain ontologies in the design of domain-specific 
visual modeling languages. In: Proceedings of the 2nd Workshop 
on Domain-Specific Visual Languages at the 17th Annual ACM 
Conference on Object-Oriented Programming, Systems, 
Languages and Applications (OOPSLA 2002), Seattle, USA, pp. 
1-14. 
[30] Hammer, J. and Champy, M. A. (1992) What is 
Reengineering? Information Week 1992-05-05, pp. 10-24. 
[31] Harmon, P. and Wolf, C. (2008) The State of Business 
Process Management. BPTrends, February. 
[32] Heckl, D. (2007) Steuerung von Kreditprozessen. 
ProcessLab-Studie, Frankfurt. 
[33] Herrmann, P. and Herrmann, G. (2006) Security 
requirement analysis of business processes. Electronic 
Commerce Research 6 (3/4), pp. 305-335. 
[34] Hevner, A.R.; March, S.T.; Park, J. and Ram, S. (2004) 
Design Science in Information Systems Research, MIS Quarterly 
28 (1), pp. 75-105. 
[35] Hidders, J.; Dumas, M.; van der Aalst, W.M.P.; ter Hofste-
de, A.H.M. and Verelst, J. (2005) When are two workflows the 
same? In: Proceedings of the 11th Australasian Symposium on 
Theory of Computing (CATS 2005), Newcastle, Australia, pp. 3-
11. 
[36] Hirshfeld, Y. (1993) Petri nets and the equivalence 
problem. In: Proceedings of the 7th Workshop on Computer 
Science Logic (CSL 1993), Swansea, United Kingdom, pp. 165-
174. 
[37] Höfferer, P. (2007) Achieving business process model 
interoperability using metamodels and ontologies. In: 
Proceedings of the 15th European Conference on Information 
Systems (ECIS 2007), St. Gallen, Switzerland, pp. 1620-1631. 
[38] Jallow, A.K.; Majeed, B.; Vergidis, K.; Tiwari, A.; and 
Roy, R. (2006) Operational risk analysis in business processes. 
BT Technology Journal, 25 (1), pp. 168-177. 
[39] Keller, G.; Nüttgens, M. and Scheer, A.-W. (1992) 
Semantische Prozessmodellierung auf der Grundlage 
Ereignisgesteuerter Prozessketten (EPK). In: Veröffentlichungen 
des Instituts für Wirtschaftsinformatik, No. 89, Universität des 
Saarlandes, Saarbrücken, Germany. 
[40] Kueng, P. (2000) Process performance measurement 
system: a tool to support process-based organizations. Total 
Quality Management, 11 (1), pp. 67-85. 
[41] Kusiak,  A.; Larson, T.N. and Wang, J.R. (1994) 
Reengineering of design and manufacturing processes. 
Computers and Industrial Engineering, 26 (3), pp. 521-536. 
[42] Lindsay, A.; Downs, D. and Lunn, K. (2003) Business pro-
cesses: attempts to find a definition. Information and Software 
Technology, 45 (1), pp. 1015-1019. 
[43] Mayer, R.J.; Benjamin, P.C.; Caraway, B.E. and Painter, 
M.K. (1998) A Framework and a Suite of Methods for Business 
Process Reengineering. In: Grover, V.; Kettinger, W. (ed) Busi-
ness Process Change: Reengineering Concepts, Methods and 
Technologies. Idea Group Publishing, Harrisburg, pp. 245-290. 
[44] Namiri, K. and Stojanovic, N. (2007) Pattern-based design 
and validation of business process compliance. In: Proceedings of 
the 15th International Conference on Cooperative Information 
Systems (CoopIS 2007), Vilamoura, Portugal, pp. 59-76. 
[45] Object Management Group (2006) BPMN Final Adopted 
Specification 1.0, 2006. http://www.bpmn.org/Documents/ 
BPMN_1-1_Specification.pdf. Accessed 28 February April 2010. 
[46] Object Management Group (2004) UML 2.0 Superstructure 
Specification, 2004. http://www.omg.org/cgi-bin/doc?formal/05-
07-04. Accessed 28 February 2010. 
[47] Peffers, K.; Tuuanen, T.; Rothenberger, M.A. and 
Chatterjee, S. (2007) A Design Science Research Methodology 
for Information Systems Research. Journal of Management 
Information Systems, 24, pp. 45-77. 
[48] Petri, C.A. (1962) Kommunikation mit Automaten. 
Mathematisches Institut der Universität Bonn, Bonn, Germany. 
[49] Pfeiffer, D. (2007) Constructing comparable conceptual 
models with domain specific languages. In: Proceedings of the 
15th European Conference on Information Systems (ECIS 2007), 
St. Gallen, Switzerland, pp. 876-888. 
[50] Pfeiffer, D. (2008) Semantic business process analysis: 
building block-based construction of automatically analyzable 
business process models. Dissertation, Westfälische Wilhelms-
Universität Münster. 
[51] Pomello, L.; Rozenberg, G. and Simone, C. (1992) A sur-
vey of equivalence notions for net based systems. In: Advances in 
Petri nets: the DEMON project. Springer, London, pp. 410-472. 
[52] Rosemann, M. (2007) Preparation of process modeling. In: 
Becker, J., Kugeler, M. and Rosemann, M. (ed) Process 
management: a guide for the design of business processes, 2nd 
edn. Springer, Berlin, pp. 41-78. 
[53] Scheer, A.-W. (2000) ARIS – Business Process Modeling. 
Springer, Heidelberg.  
[54] Thomas, O.; Fellmann, M. (2007) Semantic Business Pro-
cess Management: Ontology-Based Process Modeling Using 
Event-Driven Process Chains. International Journal of Interopera-
bility in Business Information Systems, 2 (1), pp. 29-44. 
[55] van der Aalst, W.M.P.; ter Hofstede, A.H.M. and Weske, 
M. (2003) Business Process Management: A Survey. Lecture 
Notes in Computer Science, Vol. 2678, pp. 1-12. 
[56] van Hee, K.M. and Reijers, H.A. (2000) Using Formal 
Analysis Techniques in Business Process Redesign. Lecture 
Notes in Computer Science, Vol. 1806, pp. 142-160. 
[57] Vergidis, K.; Tiwari, A.; Majeed, B. and Roy, R. (2007) 
Optimisation of business process designs: An algorithmic 
approach with multiple objectives. International Journal of 
Production Economics, 109 (1/2), pp. 105-121. 
[58] Wand, Y. and Weber, R. (1990) An ontological model of 
an information system. IEEE Transactions on Software 
Engineering, 16 (11), pp. 1282-1292. 
25
[59] Winkelmann, A. and Weiß, B. (2011): Automatic 
Identification of Structural Process Weaknesses in Flow Chart 
Diagrams. In: Business Process Management Journal, accepted 
for publication. 
[60] Yu, B. and Wright, D.T. (1997) Software tools supporting 
business process analysis and modeling.  Business Process 
Management Journal, 3 (2), pp. 133-150. 
[61] Zairi, M. (1997). Business Process Management: A 
Boundaryless Approach to Modern Competitiveness. Business 
Process Management Journal, 3 (1), 64-80. 
26
